ABSTRACT
INTRODUCTION
The stated mission of Cortex is "the study of the inter-relations of the nervous system and behavior, particularly as these are reflected in the effects of brain lesions on cognitive functions." (See Journal Title Page) The aim of this report is to examine the relationship between the stated mission and the executed mission as reflected by the characteristics of papers published in the journal. This was done by determining the technical and thematic characteristics of papers published in Cortex, and their inter-relationships as expressed by the categories in different taxonomies. In addition, we set out to ascertain the infrastructure (authors, institutions, countries) underlying the papers published in Cortex, as well as the infrastructure and technical focus of the community of authors who cite papers published in Cortex. Finally, we were interested in determining whether the results and conclusions about the technical themes and their relationships differ according to the level of information contained in the specific record field analyzed (Keywords, Titles, Abstracts, or Full Text).
For the past decade, the first author has been developing ways to obtain the above types of information from large bodies of unstructured or semi-structured text (1) (2) (3) (4) (5) (6) (7) (8) . These processes are collectively known as text mining (9) (10) (11) (12) (13) (14) . They consist of three generic components: information retrieval, information processing, and information integration. It was decided to apply text mining to obtain the different perspectives on Cortex outlined above. An iterative query development process is usually used for this kind of task (15) , but this is not needed when analyzing a database of papers published in a particular journal. The main focus of the study was the application of information processing and information integration to a subset of the papers published in Cortex.
METHODS
There are four components of the specific approach selected: database selection, bibliometrics analysis, computational linguistics analysis, and citation mining. Each will be outlined.
I. Database Selection
Two databases were used for the study. The first database was the Web version of the Science Citation Index (SCI) (16) , which consisted of all Cortex records from 1991-mid-2001 classified in the SCI as articles. Four hundred ninety-four records were retrieved, of which 481 were full articles with abstracts. Most of the records included authors, titles, author addresses, author keywords, abstract narratives, and references cited.
The second database consisted of all of the 203 full text Cortex articles published from 1997 to 2000. These articles were supplied by the publisher in electronic format.
II. Bibliometric Analysis (4-8)
The purpose of the bibliometrics analysis is to quantify the basic technical infrastructure of Cortex. This quantification is obtained through counting items such as authors, institutions, countries, and citations. While the quantification procedure is straightforward, its interpretation can be quite complex.
The bibliometrics section has two components: Publication Bibliometrics (e.g., prolific authors and numbers of papers published); and Citation Bibliometrics. These are compared with similar results from the journal Neuropsychologia, and in one case, results from the journal Brain are included as well.
III. Citation Mining (19) Citation mining integrates citation bibliometrics and computational linguistics. Its purposes are to profile the documented user community, and to show the technical disciplines into which the cited research areas are evolving. In citation mining, a sample of papers describing the research area is selected, and all papers in the SCI that cite the sample papers are retrieved. Bibliometrics and computational linguistics are performed on this sample. The bibliometrics displays characteristics of the citing community, and the computational linguistics portrays the technical thrusts (and interrelationships) of the citing disciplines.
The sample selected consists of all articles published in Cortex in [1993] [1994] . There were a total of 73 papers selected. Over 1300 separate citing articles were retrieved. These 1300 citing articles were citation mined.
IV. Computational Linguistics Analysis (1-8)
The purpose of the computational linguistics is to use the quantification of text patterns to identify the technical themes of the database, the relationship among those themes, and the relationship between the themes and the technical infrastructure revealed by this bibliometric analysis. The approach used in the present study was to count phrase combinations that co-occurred within bounded domains (e.g., Abstracts, specified numerical windows), and group documents that appeared in thematic clusters.
B. Taxonomy Generation: Statistical Clustering (11, 22) General analytic approach For the long-term Cortex analysis, the taxonomy of the Abstract field database covering Cortex papers from 1991-2001 was generated. Past text mining studies have used a variety of approaches to identify the main technical themes in the database. These include extracting key phrases and manually assigning them to categories; extracting key phrases and assigning them with statistical computer algorithm, using factor analyses and multi-link clustering; and grouping documents based on text similarity.
While factor analysis, multi-link phrase clustering, and document clustering were used for the present study, only document clustering will be reported in the main text,. The other computational linguistics approaches and results are presented in the Appendices. The three techniques provided complementary perspectives on the structure of the Cortex literature. For the total SCI database, document clustering was performed using the Abstracts text only. In document clustering, documents are combined into groups based on their text similarity. Document clustering yields number of documents in each cluster directly, a proxy metric for level of emphasis in each taxonomy category.
Different document clustering approaches exist [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . The approach presented in this section is based on a partitional clustering algorithm [49] [50] contained within a software package named CLUTO. Most of CLUTO's clustering algorithms treat the clustering problem as an optimization process that seeks to maximize or minimize a particular clustering criterion function defined either globally or locally over the entire clustering solution space. CLUTO uses a randomized incremental optimization algorithm that is greedy in nature, and has low computational requirements.
CLUTO requires specification of the number of clusters desired. Cluster runs (of the total SCI database) of 32 clusters were generated. CLUTO also agglommorated the 32 clusters into a hierarchical tree (taxonomy) structure, and this taxonomy is presented in the clustering sections.
RESULTS

I. Publication Bibliometrics
The first group of metrics consists of counts of papers published by different entities e.g., authors, countries in which the work was carried out). These metrics can be viewed as output and productivity measures. They are not direct measures of research quality, although there is some threshold quality level inferred due to these papers' publication in the (typically) high caliber of journals accessed by the SCI.
A. Prolific authors Table 1 lists the twenty most prolific first authors from Cortex and Neuropsychologia in this sample.
TABLE 1
Of the twenty most prolific authors in Cortex, nine are from Italy, four are from the UK, four are from France, and three are from the USA. For Neuropsychologia, twelve are from the UK, four are from the USA, two are from Canada, one is from Australia, and one is from New Zealand. There are four names in common between the two lists (Mayes, Warrington, Heilman, Grafman). The first two authors are from the UK; the latter two are from the USA. The country distributions of the top twenty most prolific authors are very different, and different from those of other recent text mining studies performed by the first author. Almost half of the top performers in Cortex are from Italy, and Western Europe generally. The Neuropsychologia top performers are centered in the UK primarily, and in the countries of the TTCP (The Technical Cooperation Program) totally. Table 2 lists the twenty most prolific institutions. It should be noted that many different organizational components may be included under a single organizational heading (e.g., The University of Milan could include the Neurology Department, Neuropsychology Department, Neuroscience Department, etc.).
B. Prolific organizations
TABLE 2
A number of observations from Table 2 follow. First, a slight majority of the twenty most prolific Cortex institutions are in academic settings (55%); the others are hospitals (25%) and research institutions (20%). It should be pointed out, however, that clinicians and researchers working in hospitals such as Hôpital La Pitie Salpêtriére (Paris) and The National Hospital for Neurology and Neurosurgery (Queen Square, London UK) usually have academic affiliations (London University, in the case of the National Hospital), so the institutional name may not identify the clinical versus academic status of the authors completely.
Second, a substantial majority of the twenty most prolific Neuropsychologia institutions are in academic settings (85%); the others are hospitals (10%) and research institutions 
II. Citation Bibliometrics
The second group of metrics presented is counts of citations to papers published by different entities. While citations are often used as impact or quality metrics (26) , much caution needs to be exercised in their frequency count interpretation, since there are numerous reasons why authors cite or do not cite particular papers (25) (26) (27) .
The references (citations) in all the 494 retrieved papers were aggregated. Each paper citation was divided into author, year, and journal fields, and those cited most frequently were identified. The data were accumulated and presented in order of decreasing frequency. A small percentage of any of these categories received large numbers of citations.
A. Most cited first authors Table 4 lists the twenty most cited first authors. There are thirteen authors in common between the two columns. Apart from Annett (Cortex) and Posner (Neuropsychologia), the differences are seen in the lower portion of the columns. These two authors reflect the areas of emphasis of the two journals, with handedness being the most most frequent category of articles in Cortex and cognition and attention being a frequent subject in Neuropsychologia. There is modest overlap between the most prolific authors and most cited first authors in both journals, being 20% in Cortex and 25% in Neuropsychologia. This modest overlap has been found in most text mining studies performed by the first author. It may be due to the time lag between an author's seminal works and present activity, the difficulty in being prolific and producing seminal papers, or prolific authors not being listed as first authors in papers that are coauthored by students and junior colleagues.
The latter cause may be significant. For example, the ten most recently published papers (all journals) of the five most prolific authors in Neuropsychologia (from Table 1 ), and the five most prolific authors in Cortex (excluding Heilman, who is captured in the Neuropsychologia group) were examined. These ten authors in Table 1 were first authors in only 9 of the 100 total papers, similar to the experience for most of the other text mining studies conducted by the first author. For those prolific authors who are rarely first authors, the chances that they will accumulate significant first author citations are low.
B. Most cited documents
The twenty most cited documents in Cortex and in Neuropsychologia are listed in Table  5 . There are eleven documents in common between the two lists. 1978) . While a task is described in the Shallice and Evans paper, that particular version of the test is not in common use, but the concept of executive function described in this paper continues to be important in neuropsychology (a modified version of the method, with norms, was published later by Axelrod et al., 1994 (28)). C. Most cited journals Table 6 lists the top twenty most cited journals and their frequencies.
TABLE 6
The journals at the top of the lists are mainly neurology and neuropsychology journals, with the exception of the general science journals Science and Nature. The bottom of the lists includes psychology journals that publish papers relevant to neuropsychology. In agreement with the emphasis on clinical findings and their significance, there are no highly cited journals specializing in basic genetics, biology or biochemistry. The first entries on the most cited journals lists that reflect other fields of science are, for Cortex, Journal of the Acoustics Society of America (JASA) and American Journal of Medical Genetics (numbers 110 and 176 on the list of journals, respectively), and, for Neuropsychologia, JASA, Biological Cybernetics, and Cell (numbers 71, 230, and 459 on the list of journals, respectively).
There are sixteen journals in common between the two lists. Add to this the majority commonality in Cortex and Neuropsychologia of most cited authors and most cited documents shown previously, and it can be concluded that both journals draw heavily upon the same intellectual heritage. Given the many similarities in intellectual heritage, and the modest similarities in production demographics (prolific authors, institutions), how do the papers published in the two journals impact the larger technical community? This question is partially answered in the next section. To further compare citations among papers published in the three top cited journals above, Cortex, Neuropsychologia, and Brain, the following experiment was run. All articles published in Cortex, Neuropsychologia, and Brain in the years 1998-1999 were retrieved from SCI. There were 110 Cortex articles, 278 Neuropsychologia articles, and 341 Brain articles. Then, the ten most cited articles from each retrieval (the citations from each paper used for the tabulation of most and least cited are those listed in the SCI Times Cited field, and are the total citations received by each paper from all other papers in the SCI) were extracted, as well as the ten least cited articles, and various characteristics compared. The results are shown in Table 7 
The most cited articles in Neuropsychologia are cited, on average, more than three times as often as the most cited articles in Cortex, and the most cited articles in Brain are cited, on average, more than twice as often as the most cited articles in Neuropsychologia.
Second, the most cited papers have more authors than the least cited, in all three journals, and the effect is most pronounced in Neuropsychologia. Additionally, the average number of authors increases with the average number of citations, ranging from about four authors of the most cited Cortex papers to about seven authors of the most cited Brain papers.
Third, the most cited papers have substantially more references than the least cited, in both journals, and the effect is most pronounced in Neuropsychologia. Additionally, the average number of citations increases with the average number of references (an effect observed by the first author in recent unpublished text mining studies), ranging from about 46 references in the most cited Cortex papers to about 68 references in the most cited Brain papers. Neuropsychologia has more of a balance between Behavioral and Diagnostic-NonInvasive in its ten most cited papers. Brain shows a heavy emphasis on Diagnostic-NonInvasive (7/10), two papers on surgical procedures, and one on Diagnostic-Invasive. Based on reading Abstracts from each of these journals, the types as represented in the top ten most cited articles roughly approximate the types of papers published overall.
Thus, as citations increase in absolute amounts, the study type transitions from the clinically oriented behavioral focus to the correlates with more objective measurements.
III. Citation Mining
A. Bibliometrics
For the 73 Cortex sample papers published in 1993-94, there were over 1300 citing papers. There were a total of 1238 citing authors, the top ten of which are shown in Table 22 . Interestingly, there is no overlap between the list of most often cited authors and authors who most frequently cite papers published in Cortex. As shown in Table 23 , the 73 Cortex sample papers were cited in 152 different journals. Most of the citing papers were published in Cortex. It is clear that papers published in Cortex are of fundamental importance to subsequent papers to be published there. To determine whether this has its origin in a "niche" occupied by the journal or instead implies a degree of narrowness would require a different kind of analysis, one requiring a close analysis of the contents of the papers citing the Cortex articles. As shown in Table 25 , the highest frequency citing countries are the USA and Western Europe. Given the dearth of US institutions in the top ten (Table 24) , this means that the participation of US institutions is relatively widespread. As shown in Table 26 , 8531 different authors were cited in the papers that cited the Cortex sample papers. A taxonomy based on the citing papers was generated, using factor analysis. Among the high frequency phrases, there are no new applications within the central discipline identified, or research and applications external to the central discipline identified. Of course, this is not surprising, given that most of the citing papers were themselves published in Cortex.
IV. Computational Linguistics
Taxonomy Generation: Document Clustering
The 481 Cortex articles with Abstracts were clustered by the CLUTO algorithm into 32 elemental groups, yielding a high resolution average of fifteen records per group. These elemental groups were aggregated into different hierarchical levels. In the highest level, the 481 records were divided thematically into two categories; in the next highest level, the 481 records were divided into four categories; and so on. In the following analysis, the first three levels will be analyzed, and the themes (and associated numbers of records) of each category will be presented and discussed. The numbers in parentheses after the themes are the numbers of records. The following Cortex flat taxonomy can be generated. The bullets under each category represent the 32 elemental cluster themes.
HANDEDNESS (145) -Lateral Classification (82)
• (13) -Selective attention.
• (12) -Ear asymmetry, especially in lateral discrimination with dichotic stimuli.
• (14) -Childhood dyslexia, especially association with deficits in inter-hemispheric interactions, as well as visual and language deficits.
• (12) -Immune and familial genetic disorders, emphasizing relation to laterality and handedness.
• (16) -Handedness experiments, and relation of handedness to other variables.
• (15) -Hand preferences, and the relationship of asymmetries to skills.
-Lateral Movement (63) • (15) -Hand movements, especially manual asymmetries, for diagnosing apraxia effects.
• (11) -Handedness, especially in relation to motor functions, such as turning direction, reaching, grasping, both intra-and inter-manual..
• 0--(10) -Threshold detection, especially for hearing sounds, with some associations to simultaneous stimuli and bimanual tasks.
• (13) -Emotional stimuli, and hemispheric arousal related to facial expressions.
• 22--(14) -Hemispheric response differences to mainly visual stimuli, including color.
NEGLECT (66) -Visual Field Neglect (38)
• (15) -Visual field stimuli, including dots and letters, emphasizing lateral imagery experiments.
• (11) -Extinction, emphasizing tactile but including other sensory inputs, and neglect, using contra-lesional and ipsi-lesional data. • (17) -Priming, emphasizing word/ semantic, and its use in memory tests for AD patients.
• (22) -Reading and semantic/ word processing tests, especially for AD patients.
• (21) -Writing and word comprehension, primarily, for aphasic subjects, and speech and spelling/ grammatical errors secondarily.
-Visual/ Spatial (75)
• (17) -Name and word retrieval, especially of people and objects.
• (12) -Semantic categorization for living and non-living objects.
• (14) -Confabulation, especially in semantic and episodic memory tasks.
• (17) -Agnosia, primarily visual and tactile object recognition and naming disorders.
• (15) -Face recognition, emphasizing prosopagnosia, including overt and covert processing of facial identity.
AMNESIA (119) -Amnesia Symptoms (50)
• (21) -Retrograde amnesia, with some related emphasis on anterograde amnesia and autobiographical memory.
• (14) -Learning, especially in Korsakoff's amnesia patients with memory problems.
• (15) -Amnesia, emphasizing forgetting rates, delays, and recall rates.
-Amnesia Physiology (69) • (18) -Temporal lobe problems, especially in patients with temporal lobe epilepsy and/ or lobectomy, emphasizing memory impacts, and including hippocampel dysfunction as well.
• (17) -Script generation, mainly in patients with frontal lobe lesions, and associated executive function problems such as sequencing of actions and events for planning towards a goal.
• (17) -Memory, emphasizing short term studies, but including long term as well.
• (17) -Spatial orientation/ location problems, especially in relation to topographical memory, and the link to gyrus lesions, using associated regional cerebral blood flow and MRI measurements.
IV. SUMMARY AND CONCLUSIONS:
Publication Bibliomtrics
The Cortex top performers are centered in Italy primarily, and Western Europe generally. The Neuropsychologia top performers are centered in the UK primarily, and in the countries of the TTCP (The Technical Cooperation Program) totally. Recent text mining studies in the high tech areas of nanotechnology, nonlinear dynamics, fractals, among others, tend to have a much higher representation from the USA in top performers, some of the Asian countries like Japan, China, and South Korea, and Germany. Except for the USA, none of the top performers from these other countries are represented in these two neuropsychology journals.
It is somewhat surprising that such leading Canadian universities as McGill and the University of Toronto, British universities such as as Oxford and Cambridge, and American universities such as Harvard or the University of California system, are not represented in the Cortex list of prolific institutions. On the surface, the organizational country distributions appear to be cliquish in nature, with Cortex's prolific institutions being centered around the romance language countries, and Neuropsychologia's being centered around the English-speaking TTCP countries. Both journals might benefit from increased diversification.
Citation Bibliometrics
Even though Cortex has reasonable representation from the USA and UK in terms of numbers of authors, they are not getting similar representation in terms of numbers of highly cited papers from these two countries.
These most cited Cortex reference documents cover a much longer time domain than is typically found in text mining studies of physical science disciplines. For example, a recent study by the first author on nanotechnology examined a databsase of articles (from all journals) published in 2003. Of the twenty most highly cited articles, the oldest was 1991, and the median was 1996.
Researchers outside neuropsychology might wonder why more recent papers were not among the list of most cited works in the present study databases. In other fields, the older papers may have only historical interest because the field has moved far beyond the data and theories of that time. Neuropsychology appears to be different in that regard; change is slow and a method has to be useful and used for many years before it becomes a standard. Owing to the small numbers of patients with interesting syndromes, it is also likely that researchers keep a method long after its initial conception in order not to lose comparison between previous and former/future subjects in experiments.
Whether the difference in highly cited papers is due to the difference in intrinsic quality of the best papers in each journal, the thrust areas selected within the neuropsychology discipline, or the number of people who have access to each journal, or some combination of these causes, cannot be stated at this time.
The average number of citations increases with the average number of authors, ranging from about four authors of the most cited Cortex papers to about seven authors of the most cited Brain papers. Having more authors may add more dimensions and perspectives to a paper, increasing its comprehensiveness, and having more authors may be the equivalent to having more peer reviewers, increasing the paper's quality.
The most cited papers have substantially more references than the least cited, in both journals, and the effect is most pronounced in Neuropsychologia. Additionally, the average number of citations increases with the average number of references, ranging from about 46 references in the most cited Cortex papers to about 68 references in the most cited Brain papers. Having more references is one measure of increased scholarship, and may result in additional citations, on average, for historical purposes.
The most significant country representations in the samples examined are the strong positive showing of the UK, and the weak showing of Japan. This latter observation is very different from Japan's strong showings in almost all of the high tech discipline text mining studies performed by the first author, and suggests that Japanese scientists have not concentrated their energies in the area of neuropsychology.
There is a distinct shift in type of study in proceeding from Cortex to Neuropsychologia to Brain. Clinical behavioral studies, many of them essentially case studies, predominate the most cited Cortex papers. Neuropsychologia has more of a balance between Behavioral and Diagnostic-Non-Invasive (e.g., PET, MRI) in its ten most cited papers. Brain shows a heavy emphasis on Diagnostic-Non-Invasive (7/10), two papers on surgical procedures, and one on Diagnostic-Invasive (e.g., tissue samples). Based on reading Abstracts from each of these journals, the types as represented in the top ten most cited articles roughly approximate the types of papers published overall. Thus, as citations increase in absolute amounts, the study type transitions from the clinically oriented behavioral focus to the correlates with more objective measurements.
Finally, these bibliometrics results suggest that Cortex needs to take steps to attract a more diverse group of highly prolific and cited contributors than its continental Western European base, if it wishes to capture a greater share of the seminal neuropsychology papers. Further investigation of these citation differences is recommended.
Citation Mining
Papers published in Cortex and Neuropsychologia are of fundamental importance to subsequent papers to be published in each of the journals. To determine whether this has its origin in a "niche" occupied by the journals or instead implies a degree of narrowness A sampling across frequency bands in the larger text fields showed that about 1/3 of the phrases could be classified as high technical content. This number was relatively invariant to frequency. Thus, the Abstract field contains about an order of magnitude more technical phrases than the Title or Keyword fields, and the Full Text contains more than an order of magnitude more phrases than the Abstract.
One problem with the Keyword field should be noted. The SCI has two fields for Keywords (Author Keywords and Keywords Plus), but they were combined for analytical purposes in this paper. Keywords plus appears to be third-party indexer generated, and random checks showed there could be substantial disparities between the emphasis areas of the Abstract and those reflected by Keywords Plus. Thus, even the modest numbers reported for Keywords in Table A-2 should be reduced to reflect the mismatch between Keywords Plus and areas of emphasis. 8  Brain  64  Processing  1336  Study  10  Dissociation  8  Frontal  64  Temporal  1333  Errors  10  Language  8  Naming  58  Control  1305  Significant   Table A-4 lists phrases in each database that are unique 1 ; i.e., not contained in any of the other databases. The stems of these words are also absent from the other fields.
[Footnote: 1: The ABSTRACT phrases are not located in the Keywords or Titles, but they may or may not be in the Full Text]
The first Keyword is an example of the Keywords Plus problem mentioned previously. It occurred in one article, whose subject was lateral bias in the prehensile tail use of monkeys. The Author Keywords were LATERALITY, PREHENSILE TAIL, and SPIDER MONKEY, while the Keywords Plus expanded the list to: LEMUR LEMUR-CATTA, CEBUS-APELLA, MANUAL LATERALITY, MULTIPLE MEASURES, SQUIRREL-MONKEYS, HAND PREFERENCE, ASYMMETRIES, HANDEDNESS, BRAIN, and RAT. The Author Keywords were presumably chosen by the author(s) to reflect the main themes of the article, as detailed in the Abstract, while the Keywords Plus represent minor themes, for the most part, which may or may not be useful to potential readers in guiding them to this particular paper.
Obviously, the many tens of thousands of unique Full Text phrases could not be listed here, but the few listed shows they are not trivial. That is, they would appear to be valuable when populating thematic categories with detailed sub-themes. Anosognosia, the first word in the Abstract field, for instance, may be present in its "deficit" form in the full text (anosoagnosia -denial of one's own illness), or in the form found in the full text, anosodiaphoria. Therefore, if the search database looks only at key words and abstracts, a search for anosoagnosia or anosodiaphoria would miss this article, It is easy to understand why terms are found in the full text but not in the list of key words or in the abstract, but it's surprising that there are terms in these sections that are not found again in the full text. The taxonomies generated for the four fields were almost identical to that created for the ten-year Abstract database. However, a few differences emerged. The Title field showed the biggest deviation. It almost completely lacks any testing-related phrases. The disorders and non-disorders are present however. The Keyword field not only lacks an Auditory category, but also did not have the detail seen in the other fields. The four-year Abstract database produced the same taxonomy as the ten-year Abstract database, but with less detail, as was expected. The Full Text field had an enormous amount of detail in each category, providing almost innumerable examples for each category.
Why are these differences important? All levels of text mining, ranging from standard information retrieval to the more exotic literature-based discovery, tend to access records through phrase matching. As the results show, there can be substantial differences in records retrieved, depending on which fields are accessed by the search engines. For high-level taxonomy generation, the field differences are less severe, but when lower level taxonomic detail is required, then the differences become important. For literaturebased discovery in particular, the predominant publishing group (17, 18) has used Title and Keyword phrases for information processing almost exclusively, and it is obvious there is much literature content not being accessed if this restriction is applied.
APPENDIX B. TAXONOMY GENERATION: Statistical Clustering
For each square matrix of high frequency phrases used to generate the higher level taxonomy, two analyses were run: multi-link statistical clustering, and factor analysis.
Multi-Link Clustering
The multi-link statistical clustering resulted in three types of raw data output:
1) A dendogram that shows the quantitative linkages among closely-related phrases. 2) A table that contains a quantitative measure of the similarity of adjoining phrases or phrase-cluster pairs. The similarity, or 'distance', is obtained by matching the cooccurrence profiles. Table B- Step 5 represents the combination of one of the units WORDS (consisting of the phrases words and reading, as shown in
Step 2) with the phrase WRITING to form a higher level unit.
3) A taxonomy of a pre-specified number of groups of phrases. Table B- 
Factor Analysis
The second statistical clustering technique used is Factor Analysis. It generates a specified number of factors, each of which represents a focal area in the journal articles. Table B -3 is a sample output of a factor analysis with 4 factors chosen, using the same phrases as in the above clustering run. The numbers under the factor headings are factor loadings, or correlations between the phrase and the factor. Those loadings that are above 0.25 are the darkest highlighted, and those between 0.10 and 0.20 are the lightest highlighted.. The darkest phrases under each factor are the major components of the factor, and a suitable heading can be derived by looking at these phrases. Thus, Factor 1 would be a MEMORY or AMNESIA category, Factor 2 would be HEMISPHERE LATERALIZATION, Factor 3 would be LINGUISTIC, possibly focusing on written aspects, and Factor 4 would be MOTOR or MOTOR LATERALIZATION. Another useful aspect of the factor analysis is the ability to determine which phrases are multidisciplinary. The phrase WRITING has a strong loading on factor three, the linguistic category, and a smaller but still substantial loading on factor four, the motor category. Such linkings are useful for relating various factors to one another. The communality column is the sum of squares of the factor loadings in each row, and shows each phrase's overall loading on all the factors. Parametric runs were made ranging from 2 to 10 factors, and the seven factor result was judged to be the most realistic. The factors are, in order: CEREBRAL DOMINANCE & MOTOR LATERALIZATION; VISUAL ASSOCIATION; LINGUISTICS; NEGLECT; LEARNING; PROSOPAGNOSIA; and NAME ANOMIA. These factors/ categories can be combined into the same higher level categories generated from the multi-linked clustering algorithm: visual, linguistic, memory, motor / lateralization / neglect. The same techniques were performed on a shortened database spanning the articles from early 1997 through 2000. Four different fields were analyzed, the Titles, Keywords, Abstracts, and the Full text. However, the Title field had insufficient phrases for the factor analysis to generate a meaningful categorization. Taxonomies for the remaining fields were generated using each of the two statistical techniques.
The factor analysis proved more useful in generating the taxonomies, and showed a significant difference between the three analyzed fields.
Abstract: motor lateralization; name anomia; memory; callosal disconnection; prosopagnosia; oral linguistics; and neglect. The absence of a visual association category could be a result of a change of the area of focus of research in the time periods studied.
Full Text (with example phrases from each category): memory and loss of memory (MEMORIES and AMNESIA); visual association and semantic representations (OBJECTS, NAMING, and PHOTOGRAPHS); lateralized neglect being tested with visual stimuli (NEGLECT, ANOSOGNOSIA, and VISUAL FIELD); motor systems (arms/ hands/ fingers only) and its lateralization (LEFT HAND, MOVEMENTS, and AGRAPHIA); oral communication (APHASIA, SPEECH, and LANGUAGE); Alzheimer's disease and dementia (DEMENTIA and ALZHEIMER'S DISEASE); physical brain damage and imaging (BRAIN LESION, HEAD TRAUMA, and PET/ MRI/ CT); and written linguistics and mathematics (WRITING, SUBTRACTION, and READING).
Keyword: neglect; acalculia; lateralization of the motor system; memory; visual attention; visual reading; general deficits; apraxia; and visual imagery.
The Abstract field generated was nearly identical to that generated in the 10 year database, with various categories dealing with both generalized and specific topics. The Full Text taxonomy created categories that mirrored not only the Abstract taxonomy, but also reflected the specific trials and experiments presented in the papers. The Keyword field also generated a detailed taxonomy, but it did not necessarily represent the focus of the articles, as can be seen with the focus on acalculia and apraxia.
